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BACKGROUND: Frailty is associated with numerous post-operative adverse outcomes in older 

adults. Current pre-operative frailty screening tools require additional data collection or objective 

assessments, adding expense and limiting large-scale implementation.

OBJECTIVE: To evaluate the association of an automated measure of frailty integrated within the 

Electronic Health Record (EHR) with post-operative outcomes for nonemergency surgeries.

DESIGN: Retrospective cohort study.

SETTING: Academic Medical Center.

PARTICIPANTS: Patients 65 years or older that underwent nonemergency surgery with an 

inpatient stay 24 hours or more between October 8th, 2017 and June 1st, 2019.

EXPOSURES: Frailty as measured by a 54-item electronic frailty index (eFI).

OUTCOMES AND MEASUREMENTS: Inpatient length of stay, requirements for post-acute 

care, 30-day readmission, and 6-month all-cause mortality.

RESULTS: Of 4,831 unique patients (2,281 females (47.3%); mean (SD) age, 73.2 (5.9) years), 

4,143 (85.7%) had sufficient EHR data to calculate the eFI, with 15.1% categorized as frail (eFI > 

0.21) and 50.9% pre-frail (0.10 < eFI ≤ 0.21). For all outcomes, there was a generally a gradation 

of risk with higher eFI scores. For example, adjusting for age, sex, race/ethnicity, and American 

Society of Anesthesiologists class, and accounting for variability by service line, patients 

identified as frail based on the eFI, compared to fit patients, had greater needs for post-acute care 

(odds ratio (OR) = 1.68; 95% confidence interval (CI) = 1.36–2.08), higher rates of 30-day 

readmission (hazard ratio (HR) = 2.46; 95%CI = 1.72–3.52) and higher all-cause mortality (HR = 

2.86; 95%CI = 1.84–4.44) over 6 months’ follow-up.

CONCLUSIONS: The eFI, an automated digital marker for frailty integrated within the EHR, 

can facilitate pre-operative frailty screening at scale.

Keywords

frailty; preoperative assessment; healthcare utilization

INTRODUCTION

Frailty, a syndrome of vulnerability to adverse outcomes, can be identified by several 

validated instruments based on clinical evaluation,1,2 accumulation of deficits,3,4 or 

measures of resilience/physiologic reserve.5,6 Frailty consistently predicts post-operative 

complications, post-acute care, unplanned readmissions, and mortality, as well as increased 

cost and decreased health system revenue.7–12 Pre-operative frailty screening could inform 

decision-making and guide targeted interventions for optimizing surgical outcomes.13–15 

However, routine frailty screening faces barriers to large-scale implementation given time 

and resource limitations. First, systematic assessments, such as comprehensive geriatric 

assessment, are infeasible to conduct at scale. Second, many instruments, such as the frailty 

phenotype,1 necessitate objective measurements such as gait speed and grip strength, 

rendering them infeasible to implement broadly. Brief survey instruments, such as the 14-

item Risk Analysis Index (RAI), have shown encouraging prognostic ability with respect to 
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mortality and post-operative complications.13,16 Automated approaches to risk stratification 

leveraging the Electronic Health Record (EHR) are still desirable for two reasons. First, 

survey instruments like the RAI are currently performed after referral for surgery, and so are 

less useful for shared decision-making concerning whether or not to refer to surgery. 

Second, even brief screening tools engender resource implications on a large scale, 

especially given multiple potential screening targets including nutrition, smoking status, and 

social determinants of health.

In England, frailty indices based on the theory of deficit accumulation4,17 have been adapted 

to leverage routinely gathered primary care data housed within the EHR; the resulting 

electronic Frailty Index (eFI) has been adopted by both the National Health Service and the 

British Geriatrics Society.18–21 In previous work, we developed an eFI and evaluated its 

prospective association with adverse health outcomes in primary care.22 These analyses 

demonstrated the feasibility of deriving an EHR frailty measure, and showed that higher eFI 

scores were associated with increased rates of emergency department visits and inpatient 

hospitalizations, injurious falls, and mortality over 1-year of follow-up. The purpose of this 

study was to examine the association between frailty, measured pre-operatively and 

pragmatically via an automated, EHR-derived eFI, and postoperative outcomes, including 

hospital length of stay, need for post-acute care services, 30-day hospital readmission, and 

all-cause mortality.

METHODS

Data Source and Study Design

We performed an analysis of patients aged 65 or more who underwent nonemergency 

surgery requiring 24 hours or more inpatient admission between October 8th, 2017 and June 

1st, 2019 at our health system (Wake Forest Baptist Health, Winston-Salem, NC). These 

reference dates allowed (1) a 2-year look-back period subsequent to WFBH’s switch to 

ICD-10 coding, and (2) 6 months of post-operative follow-up. All data were extracted from 

our EHR (Epic, Verona, WI). This study was approved by the WFBH Institutional Review 

Board.

Calculation of the Electronic Frailty Index (eFI)

Construction of the eFI has been previously described.22 Briefly, the eFI quantifies the 

proportion of age-related health deficits present within a particular individual, as with other 

frailty indices.17 Our eFI comprises 54 total deficits, constructed from diagnosis codes, vital 

signs, laboratory measurements, information on smoking history and medications, and 

functional assessments (when available) from Medicare Annual Wellness Visits 

(Supplementary Figure S1). To calculate the eFI, we required that a patient had at least two 

outpatient encounters with a measured blood pressure in the 2 years before surgery, and 30 

or more of the 54 items measured. For this analysis, we set the reference date for eFI 

calculation at 2 days before surgery. eFI scores range from 0 to 1, with higher scores 

indicating greater frailty. We categorized frailty status as fit (eFI ≤ 0.10), pre-frail (0.10 < 

eFI ≤ 0.21), and frail (eFI > 0.21).22,23
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Outcomes

Post-operative outcomes included hospital length of stay (LOS), discharge destination, and 

30-day hospital readmission. Discharge destinations were characterized as discharge to 

home, to home with home health services, or to a transitional care facility (inpatient 

rehabilitation, skilled nursing facility rehabilitation, other long-term acute care or 

intermediate care facility, hospice, or transfer to another hospital). We also evaluated all-

cause mortality for the 6 months after surgery.

Covariates

We included age, sex, race/ethnicity, and American Society of Anesthesiologists 

Classification (ASA class). We also quantified multimorbidity via the Charlson Comorbidity 

Index for descriptive purposes.24 Because the majority of comorbidities in the Charlson 

index are also components of the eFI, and because these comorbidities often inform clinical 

determination of ASA class, we did not adjust for comorbidity in our analyses.

Statistical Analysis

We modeled the association of the eFI with LOS using robust linear mixed models to 

account for the skewed distribution of LOS,25 including a random effect by service line. 

Models were adjusted for age, sex, race/ethnicity, and ASA class. We used generalized 

mixed-effects models (with a logistic link function and service line random effect) to 

estimate the association between the eFI and discharge destination, and Cox proportional 

hazards regression to model the association between the eFI and mortality with the baseline 

hazard function stratified by service line. We also conducted stratified analyses by ASA 

class assigned at the time of referral for surgery. We evaluated discrimination of the eFI with 

respect to all outcomes except LOS using c-statistics, estimated using 10-fold cross-

validation.26 All analyses were performed using the R Statistical Computing Environment 

(R Core Team, Vienna, Austria) or SAS v9.4 (SAS, Cary, NC).

RESULTS

Between 10/8/2017 and 6/1/2019, there were 23,479 nonemergency surgeries in patients 

aged 65+, of which 5,333 (22.7%) required a 24-hour or more inpatient admission 

(Supplementary Figure S2). After restricting to the first surgery for each patient during this 

time period, excluding low volume service lines, and removing a few patients with missing 

data, our final analytic cohort consisted of 4,831 individuals. We were able to calculate eFI 

in 4,143 (85.7%) patients, with 15.1% categorized as frail (eFI > 0.21) and 50.9% pre-frail 

(0.10 < eFI ≤ 0.21; Table 1). Patients’ mean age was 73.1 ± 5.8 (standard deviation) years, 

sex was 51.8% male, race was 9.8% Black or African American, and ethnicity 1.1% 

Hispanic (Table 1). Patients classified as frail were more likely to be older, female, and have 

more comorbidities (Table 1). Most surgeries occurred in the orthopedic (31.7%), 

neurosurgery (16.8%), or cardiothoracic (13.2%) service lines. The 10 most common 

surgeries within each service line are detailed in Supplementary Table S1.

Patients with insufficient data to calculate the eFI were more likely to be male and to 

experience a longer median LOS; they were also more likely to have fewer recorded 
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comorbidities, despite being more likely to have an ASA classification of life-threatening 

systemic disease (Supplementary Table S2).

In general, we observed increasing LOS with higher eFI scores, with median LOS of 70, 75, 

and 86 hours for patients classified as fit (eFI ≤ 0.10), pre-frail (0.10 < eFI ≤ 0.21), and frail 

(eFI > 0.21), respectively (Table 2). Adjusting for age, sex, race/ethnicity, and ASA class, 

the mean increase in LOS comparing frailty groups was 1.2 hours (95% confidence interval 

(CI) = −2.7–5.2 hours) comparing pre-frail to fit, and 9.5 hours (95% CI = 3.9–15.1 hours) 

comparing frail to fit. For post-acute care, 26.8% of frail patients were discharged to a 

transitional care facility, as compared to 15.2% of pre-frail and 11.6% of fit patients. In 

adjusted analyses, frail patients were more likely to require formal post-acute care, such as a 

transitional care facility or home health (45.6% vs 26.4%; adjusted odds ratio (aOR) = 1.68, 

95% CI = 1.36–2.08). Frail patients were significantly more likely to be readmitted within 

30 days as compared to fit patients (12.3% compared with 5.0%; aOR = 2.46, 95% CI = 

1.72–3.52).

Figure displays the cumulative incidence of all-cause mortality by frailty category in the 6 

months after surgery. Mortality risk increased with increasing eFI scores; frail patients 

showed significantly higher mortality as compared to fit patients (hazard ratio (HR) = 2.86, 

95% CI = 1.84–4.44; Table 2). The cumulative incidence of mortality at 30 days/6 months 

was 2.7%/9.0% in frail patients compared with 1.0%/2.5% for fit patients. These results 

were consistent when we stratified analyses by ASA class (Supplementary Table S3 and 

Supplementary Table S4); e.g., within patients classified with severe systemic disease (ASA 

III), frail patients were more likely to require post-acute care services (aOR = 1.75, 95% = 

1.36–2.26), readmit within 30 days (aOR = 2.21, 95% = 1.44–3.39), or to die within 180 

days (HR = 2.29, 95% CI = 1.32–3.97). Finally, we examined discrimination for mortality, 

30-day readmission, and requirements for post-acute care based on 10-fold cross-validation 

(Supplementary Table S5). Although the c-statistics were modest for the eFI alone (about 

0.60), discrimination improved when the eFI was modeled as the primary predictor in 

conjunction with traditional covariates: demographics (age, sex, race/ethnicity), service line, 

and ASA class. C-statistics from those models ranged from 0.66 for 30-day readmission to 

0.75 for all-cause mortality.

DISCUSSION

The eFI is a passive marker of frailty that runs automatically in the background, using 

routinely-gathered EHR data. Measured pre-operatively for patients aged 65+ undergoing 

nonemergency surgery at a large academic medical center, the eFI was associated with 

increased risk for longer LOS, formal post-acute care service needs, 30-day readmissions, 

and all-cause mortality. When stratified by ASA class, frail patients still exhibited increased 

risk of adverse post-operative outcomes, reinforcing the value of the eFI beyond existing risk 

assessment tools. Although several studies have demonstrated a relationship between frailty 

and surgical outcomes,7–10 the unique value of the eFI resides in its ease of use: by 

leveraging existing outpatient data gathered in routine care, the eFI can inform shared 

medical decision-making with no additional work for busy clinicians or patients.
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Surgical groups have tested a variety of frailty instruments, including the modified Frailty 

Index (mFI),8 the modified Hopkins frailty score,27 and the RAI,9,14,28 which, through the 

Frailty Screening Initiative, has shown subsequent reductions in mortality.15 However, data 

entry, performance-based assessments, or surveys concerning functional limitations each 

necessitate additional labor. The eFI adheres to deficit accumulation theory, a recognized 

conceptual model for frailty.4,29 In contrast, measures such as the mFI and RAI are not 

strictly frailty indices, as they do not ascertain a sufficiently broad set of age-related deficits 

(recommended to include ≥30 items)17 and are largely reflective of comorbidity. 

Furthermore, the eFI can be performed before a surgical appointment, enabling shared 

decision-making around operative or nonoperative management. Integrated into the EHR (as 

in our system), the eFI could be used to identify higher risk groups for pre-operative “pre-

habilitation,” co-management, and expectation setting concerning goals of care, as suggested 

by the American College of Surgeons.30

Although this study features a large volume of patients across a variety of surgical 

specialties, there are limitations. First, the eFI does not specify an underlying cause of 

frailty, although it can identify a population more likely to benefit from pre-operative 

interventions focused on mobility, nutrition, and delirium prevention. Second, the eFI was 

not developed specifically for surgery, but rather as a consistent measure of frailty that can 

be used across a health system. Third, the prognostic ability of the eFI, though modest, 

applies to a range of outcomes beyond mortality, and could be improved with larger sample 

sizes and further statistical refinement. Fourth, this is a single-site study, which limited our 

ability to evaluate associations for specific surgical procedures and with surgical 

complications. Surgical complications would ideally be examined through linkage to the 

National Surgical Quality Improvement Program, but only ~ 10% of surgical cases are 

sampled for this program. Fifth, while calculated the eFI for >80% of pre-operative patients, 

some patients lacked sufficient outpatient data to inform the eFI. Such gaps are not 

unexpected, particularly for referral centers. Although the eFI may not be useful for patients 

with limited connection to a particular health system, it will still save labor in a two-step 

system, e.g., using RAI for the small number of patients with insufficient data to calculate 

the eFI.

We are currently pilot-testing eFI-based triage followed by streamlined geriatrics peri-

operative co-management. Over time, these data may also inform future personalized pre-

operative interventions and shared decision-making, with the goal of individualized risk 

assessment encompassing not only mortality, but also patient-centered outcomes.7,14,31,32

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

• The electronic Frailty Index (eFI) runs automatically in the background, 

distilling routinely gathered ambulatory data into a single score.

• The eFI requires no additional work by clinicians, patients, or caregivers.

• Frailty, as determined by the eFI, is associated with increased post-operative 

length of stay, 30-day readmissions, post-acute care needs, and 30- and 180-

day mortality.

Why Does this Paper Matter?

Frailty has been shown to predict surgical complications, but time and personnel 

constraints have limited clinical implementation. The eFI, an automated passive digital 

marker for frailty, predicts post-operative outcomes and offers a pragmatic choice for pre-

operative frailty screening at-scale.
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Figure 1. 
All-cause mortality after surgery by frailty status based on the electronic Frailty Index (eFI). 

Frailty status defined as Fit (eFI ≤ 0.10), Pre-Frail (0.10 < eFI ≤ 0.21), or Frail (eFI > 0.21). 

Shaded areas denote 95% pointwise confidence intervals.
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